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BLOCK INTERLEAVE CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a block interleave circuit 
for segmenting a constant amount of data in input data into 
one block and converting a time-sequential order of the data 
in the block. 

2. Description of the Related Art 
In a digital communication system, in order to correct data 

error caused betWeen a transmitting apparatus and a receiv 
ing apparatus, the transmitting apparatus is provided With a 
circuit for carrying out error correction coding of a trans 
mitted signal and the receiving apparatus is provided With a 
circuit for decoding a signal Which has been subjected to the 
error correction coding. 

Further, the circuit for carrying out error correction cod 
ing of the transmitting apparatus is further provided With a 
block interleave circuit for segmenting n><d pieces of data 
into one block and converting a time-sequential order of the 
data in the block for thinning bit errors generated in a burst 
on a transmission path With a purpose of promoting error 
correction function. Further, the receiving apparatus for 
receiving an interleaved signal is provided With a deinter 
leave circuit for recovering a transmitted signal from the 
transmitting apparatus in an original time-sequential order. 

In respect of an method of carrying out time-sequential 
conversion of data in a block interleave circuit, there has 
conventionally been knoWn a system of using a plurality of 
pieces of storages as described in, for example, Japanese 
Unexamined Patent Publication No. 6-216882 and Japanese 
Unexamined Patent Publication No. 4-168811. 

FIG. 5 shoWs an example of a circuit constitution of such 
a conventional block interleave circuit. An explanation Will 
be given of a method of time-sequentially converting data in 
the conventional block interleave circuit in reference to FIG. 
5. 

The conventional block interleave circuit is constituted by 
a Write address forming circuit 14, a read address forming 
circuit 15, a Write/read address sWitching circuit 16, RAMs 
(Random Access Memory) 17 and 18 and a data Write/read 
sWitching circuit 19. 

Input data Din is inputted from a data input terminal 11 
and a frame signal Fin is inputted from a frame signal input 
terminal 12 to the data Write/read sWitching circuit 19 in 
synchronism With an input clock Cin inputted from a clock 
input terminal 13. Here, the frame signal Fin is a signal for 
indicating break of a block of the input data Din. 

The data Write/read sWitching circuit 19 generates a 
Write/read sWitching signal 201 having a unit of n><d pieces 
of a block and provides the signal to the Write address 
forming circuit 14. The Write address forming circuit 14 
forms a Write address signal to RAM 17 and RAM 18 With 
the Write/read sWitching signal 201 as a reference. Further, 
the read address forming circuit 15 is synchroniZed With the 
Write address forming circuit 14 and generates a read 
address signal to RAM 17 and RAM 18. 

The Write/read address sWitching circuit 16 controls to 
sWitch to alternately provide the Write address signal from 
the Write address forming circuit 14 and the read address 
signal from the read address forming circuit 15 to RAM 17 
and RAM 18 by using the Write/read sWitching signal 201. 
At the same time, the data Write/read sWitching circuit 19 
controls RAM 17 and RAM 18 to carry out read/Write 
operation of data alternately. 
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2 
FIG. 6A and FIG. 6B shoW an outline of operational 

directions of read/Write of RAM 17 and RAM 18. NoW, 
assume that operation of data Write is carried out to RAM 17 
and operation of data read is carried out to RAM 18. In RAM 
17, the data Write operation is carried out in directions 
shoWn by FIG. 6A and at the same time, the data read 
operation is carried out in directions shoWn by FIG. 6B. The 
Write address forming circuit 14 and the read address 
forming circuit 15 are operated in synchronism With each 
other by the Write/read sWitching signal 201 and therefore, 
the Write operation and the read operation of RAM 17 and 
RAM 18 are simultaneously started and ?nished. Further, 
successively, the data read operation is carried out in RAM 
17 in the directions shoWn by FIG. 6B and the data Write 
operation is carried out in RAM 18 in the directions shoWn 
by FIG. 6A. 
By the above-described operation, the time-sequential 

order of the input data Din inputted from the data input 
terminal 11 is converted and the input data Din is outputted 
from a data output terminal 20 as output data Dout. 

In this Way, tWo storages (RAM 17, 18) are needed in the 
conventional interleave circuit and the read Write address 
sWitching control and the data read Write sWitching control 
are needed in RAMs 17 and 18. Further, When the data speed 
is accelerated, high speed RAM is needed to cause an 
increase in the cost in realiZing the circuit. 

Further, When data is dealt With by a symbol unit in Which 
1 symbol is constituted by m bits, although time-sequential 
conversion of symbol can be realiZed by the above 
described method, in the time-sequential conversion of bits 
constituting symbols, there are needed a Write address 
forming circuit, a read address forming circuit and tWo 
pieces of storages (RAM) for each bit, the circuit scale is 
magni?ed and the cost is also increased. 

According to the above-described conventional block 
interleave circuit, interleaving of input data is carried out by 
using the storages and therefore, there poses a problem in 
Which When data speed is accelerated, high-speed storages 
are needed and When an amount of data to be converted is 
increased, a necessary memory amount is increased and 
therefore, the cost is increased. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a block 
interleave circuit capable of carrying out time-sequential 
conversion of data With no need of complicated control even 
When data speed is high. 

In order to achieve the above-described object, according 
to an aspect of the present invention, there is provided a 
block interleave circuit for segmenting a constant amount of 
data in input data into one block and converting a time 
sequential order of data in the block, the block interleave 
circuit comprising: 

serial/parallel conversion means for converting the con 
stant amount of the data in the input data into parallel 
signals; and 

parallel/serial conversion means for converting the time 
sequential order by inputting the parallel signals gen 
erated by the serial/parallel conversion means in a 
previously set order and successively shifting the par 
allel signals. 

Further, according to another aspect of the present 
invention, the serial/parallel conversion means comprises: 

a frequency dividing circuit for dividing an input clock by 
using frame signals Which are signals indicating seg 
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mentation of the block of the input data and outputting 
a divided clock; 

a ?rst shift register comprising data ?ip ?op circuits 
connected in a vertical column and having a number in 
correspondence With the constant amount of the data 
for shifting the input data bit by bit by using the input 
clock to thereby output a constant amount of data in the 
input data as parallel data; and 

a register comprising data ?ip ?op circuits having a 
number in accordance With the constant amount of data 
for respectively latching a constant amount of the 
parallel data outputted from the ?rst shift register by the 
divided clock from the frequency dividing circuit. 

Further, according to another aspect of the present 
invention, the parallel/serial conversion means comprises: 

a data load signal generating circuit for generating a data 
load signal outputted at a timing at Which all of one 
block of data has been read by delaying the divided 
clock by one clock by the input clock; and 

a second shift register comprising: 
data ?ip ?op circuits connected in vertical columns and 

having a number in accordance With the constant 
amount of data; and 

a plurality of logical circuits for parallelly loading a 
constant amount of data latched by the serial/parallel 
conversion means and storing the constant amount of 
data to the data ?ip ?op circuits When the data load 
signal is active and making data stored to the data ?ip 
?op circuits shift When the data load signal is inac 
tive. 

As has been described, according to the present invention, 
block interleaving is carried out by converting the input data 
into the parallel signals by the serial/parallel conversion 
means, sWitching the time-sequential order of the input data 
and thereafter converting the parallel signals into the serial 
signals by the parallel/serial conversion means as the output 
data. 

Therefore, according to the present invention, the block 
interleave circuit is constituted only by the shift registers, the 
register and the logical circuits Without using storages and 
accordingly, high speed formation of data speed can be dealt 
With and the circuit scale is not signi?cantly magni?ed even 
When the data amount is increased. 

Further, according to another aspect of the present 
invention, there is provided a block interleave circuit in 
Which the input data is dealt With as symbols, one of the 
symbols comprises a plurality of bits and the ?rst and the 
second shift registers and the registers are provided by a 
number of the bits of the symbol. 

Further, according to another aspect of the present 
invention, there is provided a block interleave circuit in 
Which connection betWeen the registers and the second shift 
registers is set at every respective bits. 

According to the present invention, in addition to time 
sequential conversion of the symbols, even a further com 
plicated time-sequential conversion in Which time 
sequential conversion of bits is carried out, can be realiZed 
by a constitution in Which shift registers and registers having 
a number the same as a number of the bits constituting one 
symbol are added. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing a constitution of a 
block interleave circuit according to a ?rst embodiment; 

FIG. 2 illustrates timing charts shoWing operation of the 
block interleave circuit in FIG. 1; 
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4 
FIGS. 3A, 3B and 3C are outline vieWs of block inter 

leave; 
FIG. 4 is a block diagram shoWing a constitution of a 

block interleave circuit according to a second embodiment 
of the present invention; 

FIG. 5 is a block diagram shoWing a constitution of a 
conventional block interleave circuit; and 

FIG. 6A is a diagram shoWing Write directions of RAM 
and 

FIG. 6B is a diagram shoWing read directions of RAM. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A detailed explanation Will be given of embodiments of 
the present invention in reference to the draWings as folloWs. 

(First Embodiment) 
FIG. 1 is a block diagram shoWing a constitution of a 

block interleave circuit according to a ?rst embodiment of 
the present invention. 

According to the embodiment, data having n><d bits of 
input data Din of a bit string is segmented into one block and 
outputted as output data Dout after converting a time 
sequential order of data in the block. Input data Din inputted 
from a data input terminal 1 is in synchronism With input 
clock Cin inputted from a clock input terminal 2. Further, a 
frame signal Fin inputted from a frame signal input terminal 
5 is also in synchronism With the input clock Cin. 

Further, time-sequentially converted data in Which a time 
sequential order of the input data Din inputted from the data 
input terminal 1 is rearranged, is outputted from the data 
output terminal 9 as the output data Dout and output clock 
Cout in synchronism With the output data Dout is outputted 
from a clock output terminal 10. 

The block interleave circuit according to the embodiment 
is constituted by a shift register 3, a frequency dividing 
circuit 4, a register 6, a shift register 7 and a data load signal 
generating circuit 8. 
The frequency dividing circuit 4 divides the input clock 

Cin inputted from the clock input terminal 2 by 1/(n><d) by 
using the frame signal Fin and outputs the divided clock as 
1/(n><d) divided clock to the register 6 and the data load 
signal generating circuit 8. 
The shift register 3 is constituted by n><d pieces of DFFs 

(data ?ip ?op circuit) connected in vertical columns and by 
subjecting the input data Din to bit shift by using the input 
clock Cin, data of n><d bits in the input data Din is outputted 
as parallel data of n><d bits to the register 6. 
The register 6 is constituted by n><d pieces of DFFs and 

holds the parallel data of n><d bits outputted from the shift 
register 3 by respectively latching the parallel data by the 
1/(n><d) divided clock from the frequency dividing circuit 4. 

Speci?cally, as shoWn by FIG. 1, the register 6 includes 
DFFs 261 through 264 and DFFs 261 through 264 respec 
tively hold D1 through D4 bits of the input data Din. 

In this case, the 1/(n><d) divided clock is formed by 
dividing the input clock Cin by 1/(n><d) and adjustment of 
timing of dividing by 1/(n><d) is carried out by the frame 
signal Fin and accordingly, the register 6 carries out latch 
operation by a unit of n><d bits. 

There is constituted a serial/parallel conversion circuit for 
converting the input data Din inputted from the data input 
terminal 1 in serial/parallel conversion. 
The data load signal generating circuit 8 generates a data 

load signal 101 of one bit Width by delaying the 1/(n><d) 
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divided clock by one clock based on the input clock Cin. 
Accordingly, the data load signal 101 is outputted at a timing 
Where all of data of one block has been read and is formed 
once per n><d bits. 

The data load signal generating circuit 8 is constituted by 
DFF 28, inverting circuits 29 and 31 and an AND circuit 30. 

DFF 28 holds one clock of the 1/(n><d) divided clock 
based on the input clock Cin. The inverting circuit 29 
logically inverts an output from the DFF 28 and outputs the 
inverted signal. The AND circuit 30 carries out AND opera 
tion betWeen the 1/(n><d) divided clock and an output from 
the inverting circuit 29 and outputs a result of the operation 
as the data load signal 101. The inverting circuit 31 logically 
inverts the data load signal 101 and outputs the inverted 
signal. 

The shift register 7 is a shift register of a clock 
synchroniZed parallel load type constituted by n><d pieces of 
DFFs and a plurality of logical gates Which are connected in 
vertical columns. When the data load signal 101 from the 
data load signal generating circuit 8 is at high level, parallel 
load of data of n><d bits latched by the register 6 is carried 
out. When the data load signal 101 is at loW level, a 
parallel/serial conversion is carried out by carrying out shift 
operation in respect of loaded data and the data is outputted 
from the data output terminal 9 as the output data Dout. 

The plurality of logical gates constituting the shift register 
7 select to load n><d bits of data from the register 6 to n><d 
pieces of DFFs in synchronism With the input clock Cin or 
successively shift data of n><d pieces of DFFs by the data 
load signal 101. 

Speci?cally, the shift register 7 includes DFFs 271 
through 274 and DFF 271 is provided With AND circuits 33 
and 34 and an OR circuit 32 as logical circuits for sWitching 
the load operation and the shift operation. 

Further, parallel data from the register 6 is not inputted to 
the shift register 7 in an order as it is but is inputted to the 
shift register 7 such that a time-sequential order thereof is 
sWitched. 
When the data load signal 101 is at high level, the AND 

circuit 33 outputs D1 bits to the OR circuit 32. In this case, 
a signal outputted from the inverting circuit 31 is at loW level 
and accordingly, an output from the AND circuit 34 is 
alWays at loW level. Accordingly, the OR circuit 32 outputs 
data of D1 bits outputted from the AND circuit 33 to DFF 
271. The load operation is carried out in this Way. 
When the data load signal 101 is at loW level, the AND 

circuit 33 alWays outputs loW level to the OR circuit 32. In 
this case, the signal outputted from the inverting circuit 31 
is at high level and therefore, the AND circuit 34 outputs 
output data from the DFF 272 to the OR circuit 32. 
Therefore, the OR circuit 32 outputs output data from DFF 
272 outputted from the AND circuit 34 to DFF 271. The shift 
operation is carried out in this Way. 
A parallel/serial conversion circuit for carrying out 

parallel/serial conversion in respect of parallel data latched 
by the register 6 is constituted by the data load signal 
generating circuit 8 and the shift register 7. 

Next, an explanation Will be given of operation of the 
embodiment shoWn by FIG. 1 in reference to FIG. 2. FIG. 
2 shoWs a relationship among timings of data in the block 
interleave circuit of FIG. 1. 

First, an explanation Will be given of serial/parallel con 
version operation of the input data Din in FIG. 1. 

The frequency dividing circuit 4 generates the 1/(n><d) 
divided clock by the clock Cin inputted from the clock input 
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6 
terminal 2 and the frame signal Fin inputted from the frame 
signal input terminal 5. Further, data inputted from the data 
input terminal 1 is shifted clock by clock by the clock Cin 
at the shift register 3 and the output data D1 through Dnxd are 
latched by the 1/(n><d) divided clock at the register 6 to 
thereby carry out serial/parallel conversion. 

Next, an explanation Will be given of parallel/serial con 
version operation of data. 

The 1/(n><d) divided clock is further converted into the 
data load signal 101 having 1 bit Width by the data load 
signal generating circuit 8 and thereafter supplied to the shift 
register 7. In this case, a timing Where the data load signal 
101 at high level is outputted to the shift register 7, is a 
timing Where n><d bits of data are latched to the register 6 and 
the time period of constituting the high level is 1 clock of the 
clock Cin. Therefore, in the shift register 7, by loading data 
latched to the register 6 at rise of the clock Cin (or clock 
Dout) at the timing Where the data load signal 101 becomes 
high level, 1 block of data is loaded to the shift register 7. 
When the data load signal 101 is at loW level, data loaded 

by the clock Cin When the data load signal 101 is at high 
level is successively shifted and outputted from the data 
output terminal 9. 

In this case, according to the embodiment, data of n><d bits 
from the register 6 is inputted to the shift register 7 While 
sWitching the time-sequential order at every n bits. 
Therefore, the time-sequential conversion of data is carried 
out by inputting data of the register 6 to the shift register 7. 

FIGS. 3A, 3B and 3C shoW an outline of the time 
sequential conversion of data according to the embodiment. 
Time-sequential data D1, D2, D3 . . . before conversion 
shoWn by FIG. 3A is segmented into the block unit of n><d 
bits shoWn by FIG. 3B and rearranged into an order shoWn 
by FIG. 3C by converting the time-sequential order. 
As has been explained, according to the embodiment, the 

time-sequential conversion of data is realiZed only by sub 
jecting input data to serial/parallel conversion and parallel/ 
serial conversion in synchronism With input clock by the 
shift registers, the register, the logical gates, the frequency 
dividing circuit and the load pulse generating circuit. 

According to the embodiment, by connecting the register 
6 and the shift register 7, the time-sequential order of the 
input data is converted and therefore, high speed conversion 
of the time-sequential order of data can be carried out 
Without using storages. Accordingly, even in the case Where 
the data speed is as fast as 100 Mbps or higher, the interleave 
circuit can be realiZed by a simple circuit constitution. 

Further, according to the embodiment, a plurality of 
storages (RAM) as in the conventional block interleave 
circuit are not needed and accordingly, a read/Write control 
circuit having complicated storages is dispensed With. 

(Second Embodiment) 
Next, an explanation Will be given of a block interleave 

circuit according to a second embodiment of the present 
invention. 
Although according to the above-described ?rst 

embodiment, the input data Din is constituted by a bit string, 
the embodiment shoWs a case of data in Which 1 symbol 
comprises m bits. 

FIG. 4 shoWs a block interleave circuit according to the 
embodiment. 

In the draWing, conversion of a time-sequential order of 
input symbols can be carried out by expanding the shift 
register 3, the register 6 and the shift register 7 respectively 
to m of them. In this case, by changing connection betWeen 
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the register 6 and the shift register 7 at every m bits 
constituting 1 symbol, in addition to conversion of the 
time-sequential order of the input symbols, conversion of 
the time-sequential order of the respective bits constituting 
the symbols can be carried out and a further complicated 
interleave circuit can be realiZed. 

Although according to the ?rst and the second 
embodiments, an explanation has been given of the block 
interleave circuit, a deinterleave circuit can be realiZed by 
sWitching n and d of the input signal of the shift register 7 
in FIG. 1. In this case, a signal from a frame synchroniZing 
circuit normally connected successive to the deinterleave 
circuit may be inputted to the frame signal input terminal 5 
as the frame signal Fin. 

As has been explained, the present invention achieves the 
folloWing effects. 

(1) Even in the case Where the data speed is as high as 100 
Mbps or higher, the interleave circuit can be realiZed by a 
simple circuit constitution. 

(2) A plurality of storages (RAM) are not needed and 
accordingly, a read/Write control circuit having complicated 
storages is dispensed With. 
What is claimed is: 
1. A block interleave circuit for segmenting a constant 

amount of data in input data into one block and converting 
a time-sequential order of data in the block, said block 
interleave circuit comprising: 

serial/parallel conversion means for converting the con 
stant amount of the data in the input data into parallel 
signals by using a ?rst shift register and a register; and 

parallel/serial conversion means for converting the time 
sequential order by inputting the parallel signals gen 
erated by the serial/parallel conversion means in a 
previously set order and successively shifting the par 
allel signals by using a second shift register. 

2. The block interleave circuit as claimed in claim 1: 

Wherein the serial/parallel conversion means comprises: 
a frequency dividing circuit for dividing an input clock 
by using frame signals Which are signals indicating 
segmentation of the block of the input data and 
outputting a divided clock; 

the ?rst shift register comprising data ?ip ?op circuits 
connected in a vertical column and having a number 
in correspondence With the constant amount of the 
data for shifting the input data bit by bit by using the 
input clock to thereby output a constant amount of 
data in the input data as parallel data; and 

the register comprising data ?ip ?op circuits having a 
number in accordance With the constant amount of 
data for respectively latching a constant amount of 
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the parallel data outputted from the ?rst shift register 
by the divided clock from the frequency dividing 
circuit. 

3. The block interleave circuit as claimed in claim 1: 
Wherein the parallel/serial conversion means comprises: 

a data load signal generating circuit for generating a 
data load signal outputted at a timing at Which all of 
one block of data has been read by delaying a divided 
clock by one clock of an input clock; and 

the second shift register comprising; 
data ?ip ?op circuits connected in vertical columns 

and having a number in accordance With the 
constant amount of data; and 

a plurality of logical circuits comprising AND and 
OR circuits for parallelly loading the constant 
amount of data converted by the serial/parallel 
conversion means and storing the constant amount 
of data in the data ?ip ?op circuits When the data 
load signal is active and shifting data stored in the 
data ?ip ?op circuits When the data load signal is 
inactive. 

4. The block interleave circuit as claimed in claim 3: 
Wherein the data load signal generating circuit comprises: 

a data ?ip ?op circuit for holding one clock of the 
divided clock based on the input clock; 

a data ?ip ?op circuit for holding one clock of the 
divided clock based on the input clock; 

a ?rst inverting circuit for logically inverting and 
outputting an output from the data ?ip ?op circuit; 

an AND circuit for carrying out an AND operation 
betWeen the divided clock and an output from the 
?rst inverting circuit and outputting a result of the 
operation as the data load signal; and 

a second inverting circuit for logically inverting and 
outputting the data load signal. 

5. The block interleave circuit as claimed in claim 4: 
Wherein the input data is dealt With as symbols, one of the 

symbols comprises a plurality of bits and. the ?rst and 
the second shift registers and the register are provided 
a number of the bits of the symbol. 

6. The block interleave circuit as claimed in claim 3: 
Wherein the input data is dealt With as symbols, one of the 

symbols comprises a plurality of bits and the ?rst and 
the second shift registers and the register are provided 
a number of the bits of the symbol. 

7. The block interleave circuit as claimed in claim 6: 
Wherein connection betWeen the register and the second 

shift register is set at every respective number of the 
bits. 


